










































































Population: 4
Communications: 5
Soils: 6

Geology: 7

Erosion: 8

Water erosion: 8a
Wind erosion: 8b

Water: 9
Roads, railroads, and pipelines: 10

Desertification: 11

Mottled vegetation due to overgrazing: 1lla
Undrained, abandoned fields: 11b

Folded ranges of the Tunisian Atlas are enhanced by shadows falling
on northwest-facing slopes. Sun elevation above the horizon is high~-31 --,
and mountain ranges with high relief above valleys and steppes are partly
shadowed, but topographic obstacles of low relief are not detectable. The
drainage network stands out in several ways: Dry alluvial channels appear
white on the FCC, because of color addition in all three bands (4~blue,
5-green, and 7-red). Dry alluvium has a high reflectance in all three bands,
but moist alluvium and moist soils appear in bands 4 and 7 in various shades
of gray according to moisture content, and in various shades of light blue-
green on the FCC, hecause of absorption of some red and blue light in
bands 4 and 7. Standing water in sebkhas and the Mediterranean Sea
ranges from black to light blue, depending on depth and turbidity of water.
The boundary between land and water is very sharp because of the virtually
complete absorption of solar radiation by water in the near-infrared region
(band 7). Aureoles of dark to light greenish-blue hues denoting soils of
decreasing moisture content and salinity surround the water bodies in the
sebkhas. The obvious increase in 1light hues across the FCC from northwest
to southeast is related to a decrease in vegetation density from the high,
densely forested mountain ranges in the Tunisian Atlas, toward grassland
in the steppe regions (probably dommant at time of acquisition). This
regional increase in albedo is related to decrease in vegetative cover,
which in turn reflects the increasing aridity southward (fig. 2).

Forests of Aleppo pine grow on northwest-facing slopes of the mountain
ranges in the Tunisian Atias. They are identified as dark-red patches;
the darker the red color, the denser the forest. Grassland and shrubs
produce a mottled red pattern in the steppes. Halophytes, which are growing
on the valley floors along stream channels and around some sebkhas, are
identified by a bright red color, which follows the dendritic pattern of
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alluvial stream channels, and also by their location close to sebkhas.

Some olive groves are purplish red, and can be further identified by
their geometric (rectangular) outlines, and locations in the lower steppes.
Other groves are also identified near the city of Kasserine. The signature
of palm trees, an evergreen like the Aleppo pine, is very dark red, or black
where very dense; it allows one to detect, but not to identify, groves of
palm trees in oases.

Cultivated fields are easily identified; they occur in multiple shades
of red, and if large enough, are identified by their geometric pattern.
The largest and most prosperous farming areas are in the Sahel, and also
in the intermontane valleys and grassland regions of the Tunisian Atlas.
The most intensely cultivated land is located on northwest—facing valley
slopes, where it takes advantage of orographic precipitation. The more
arid southeast-facing slopes are in the rain shadow of most mountain ranges.

Irrigated farms, particularly in the southern part of the image,
appear black or bright-red, and can be identified by means of their rec—
tangular outlines.

Incipient desertification, possibly due to overgrazing and insufficient
drainage, is suggested by the red mottled appearance of the plains inland
from the Sahel, and also by the high albedo (white color) of formerly
cultivated land north of Gafsa, as well as the soils on piedmont slopes
between Chott el Djerid and Chott el Rharsa.

A city as large as Gafsa (422,225 inhabitants in 1975) can be identified
through the dark blue green hues typical of most big cities imaged on
Landsat FCC, but Kasserine cannot. The identification of the city of Gafsa
is further aided by a star-shaped outline, which may coincide with the
fortified ramparts of the medieval city wall. Other cities are detected
only through large dark-red to black patches of urban and suburban vegetation
(palm-tree groves and truck gardens) associated with them. Both Gafsa and
Kasserine are located in or near watergaps, a familiar urban emplacement
throughout the world. This location is more easily perceived on a Landsat
FCC than on conventional topographic maps. Smaller settlements, darker red
to black on the FCC, can be identified as small oases or villages because
of their alignment and possible concentration along roads or highways
(south shore of Chott el Fedjadj). The small bay north of the city of La
Skhirra does not appear on any available topographic maps. It appears to
be a shallow-water harbor, which was recently built to accommodate oil
tankers, which are loading crude oil at the pipeline terminal located on
the southern tip of the bay. All these observations can be correlated
with information displayed on existing topographic and road maps (fig. 7).

Sections of roads and railroads are easily detected by their white
or dark-gray tones and their linear trends on the FCC, but cannot be dis-
tinguished from each other. The apparent change in albedo along different
reaches of the same road may be artificial, and due to the changing tonal

22



contrast of the roadway against the landscape background, rather than to a
change in the composition of road mettle. Some highway sections, particularly
north and northeast of Qafsah, can be identified by a dark-red linear sig-
nature, which represents vegetation bordering the road: possibly Eucalyptus
trees planted to shade the highway or a nearby irrigation ditch running
parallel to the road.

The fine-detailed texture of a Landsat scene near the resolution limit of
the imaging system is supressed because of the constraints of digital sampling
theory. Usually, this situation means that topographic features such as
sharp ridges and erosional landfoms take on an artificial "rounded” appear-
ance on the image. In temms of the frequency domain, this effect, khown as
the Modulation Transfer Function (MTF), is due to the inability of the
imaging system to accurately sample the high-frequency content of the scene.
The Modulation Transfer Function can be corrected by enhancing those high
f requencies which have been suppressed, and leaving the lower frequencies
which have been correctly sampled, unchanged. The MTF correction is obtained
by moving a high-pass filter across the image, extracting only the high-
frequency infomation. By adding it back to the original digital image,
very fine detail in the spatial domain is brought back to the correct balance.
A formal mathematical treatment of the treatment has been given by Chavez
(1975). On an FCC with MTF correction, gullying by water erosion is made
obvious as the dominant erosional process on most of the folded ranges of
the Tunisian Atlas. The channel density on dissected mountain slopes
increases southward across the image; this increase is directly related to
a decrease in plant cover, and increasing aridity southward. This inter-
pretation of the drainage network is greatly facilitated by the Landsat
product. Even a Landsat image unenhanced by the MIF correction is preferable
for analysis to a topographic map at the same scale, because the countless
gullies observed on the image cannot be portrayed on the map at such high
density.

Wind erosion and sand transport are most evident through the high
albedo (white color) of drifting sand and the tapering plumes associated
with it. Sheets of drifting sand taper west-southwestward across the-floor
and the southern border of Chott el Djerid, suggesting that the dominant
direction wind is east-northeasterly. More vaguely defined sand plumes
also occur west of Tozeur. The vegetation mounds of nebkhas known to occur
around the borders of Chotts el Fedjadj and el Djerid (Coque, 1962; Belaid,
1970) contribute to the high albedo of the land surface around the sebkha
floors, but cannot be detected because of their small dimensions.

The intensity of solar radiation being reflected from the terrestrial
surface varies with angle of incident sunlight, wavelength, albedos of indi-

vidual soil or rock types, texture (grain size), moisture content, vegetation,
etc., and angle of slope of the reflecting surface. The spect ral signatures
of different soil and rock types on Landsat data products are easier to
recognize and to interpret when the influence of topography (the one

constant included in each of the four spectral bands 4, 5, 6, and 7) on

the reflectance 1s eliminated. This is digitally achieved by ratioing,
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pixel by pixel, one band by another (Rowan and others, 1976). On
theoretical grounds at least, a linearly or sinusoidally stretched band-
ratio false—color composite becomes an excellent tool to identify and map
soil and rock units of varying lithologic composition.

Systematically comparing the soil and geologic content of each of the
Landsat data products prepared for this project (including stretched band-
ratio false-color composites) to existing soil maps (Division des Sols, 1973)
and geologic maps (Castany, 1951) of Tunisia is an enormous task. It is clearly
beyond the scope of this report. On an experimental basis, however, it
was decided to find out if gypsum-encrusted soils and saline soils on one
hand, and phosphate- and iron-bearing beds of economic importance to Tunisia
on the other, could be identified on some of the computerized data products
available, and how the mappable detail on the image compared with that of
existing maps at the scale of 1:500,000,

For gypsum—encrusted soils and saline soils, a false-color composite
of image 1199-09311 (4-blue, 5-green, 7-red), previously stretched sinusoidally,
produces a wealth of readable soil data, which are not mapped on the existing
soil map of Tunisia (Division des Sols, 1973) at the scale of 1:500,000.
In the southeastern part of scene 206/036, for instance, gypsum—encrusted
soils develop at various altitudes on piedmont slopes which flank the
eastern tip of Djebel Aziza. These gypsiferous soils are lumped together
into one single unit on the soil map (Division des Sols, 1973), irrespective
of the altitude of the piedmont slope on which they occur, and irrespective
of age; however, green-black and bluish patches corresponding to the same
gypsiferous soils are clearly differentiated on the sine-stretched FCC.
The areal distribution of these colored patches seems to carry pedologic
significance, as it closely coincides with the extent of gypsum—encrusted
piedmont slopes of different ages, as mapped by Coque (1962) at the scale
of 1:100,000 (fig. 10). A geologic (that is, an age-wise) interpretation
of these gypsum—encrusted soils, showing how they fit in the late Quaternary
prehistoric sequence, Acheulean, Mousterian, and Neolithic, is given in
figure 11. Two longitudinal profiles, diagrammatically showing piedmont
slopes ascribed to three different cycles of erosion from the crest of
Djebel Aziza to Rebat ben Khalouf, and also in the northwest slope of
Djebel Drhoumess, 25 km northwest of Tozeur, were recently published by
Coque (1977, p. 203, fig. 28). Subtle differences in reflectance, which
are due to topographic relief and normally would be eliminated on ratioed
data products, are enhanced along with other detail on the sine-stretched
FCC being analyzed.

Many more saline soil units on the floors of Chott el Fedjadj and
Chott el Djerid can be distinguished on the sine-stretched FCC than on
the soil map (Division des Sols, 1973). In addition, rectilinear markings
of unknown origin appear in the sebkha floor at the western end of Chott
el Fedjadj. The lateral and vertical zonations of saline soils located
around closed depressions is well known, as is the zonation of halophytes
associated with them, in relative order of tolerance to the salinity of
the ground water (Hunt, 1966). Perhaps the colored units appearing on the
linearly stretched and sine-stretched FCCs in the areas of Chotts el Fadjadj
and el Djerid can be traced to such zonations,
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0f even greater importance to the interpretation of the regional distri-
bution of saline soils on Landsat products is the two-fold classification of
saline soils based on albedo: salant blanc (white saline soil), and salant
noir (black saline soil), according to French terminology (Gaucher and
Burdin, 1974, p. 11, 29). Salant blanc consists of efflorescences made up
of white compounds: sodium, magnesium, and calcium chlorides, and sulfates;
salant noir is made up of sodium carbonate and bicarbonate in which clay and
organlic matters are dispersed. The colored units and the markings displayed
on the sine-stretched FCC are possibly due to differences in moisture, salt
and gypsum content, or to the presence of drifting sand and burying mud.
Their nature can be determined only by comparison of the image with large-
scale soil maps, or by field sampling. It is hoped that the accuracy of
our image interpretation can be tested in the field with the assistance of
soil scientists familiar with Tunisia.

Like soil units, rock units of similar lithology can be identified
and mapped, using band-ratio false-color composites (RCCs) (Rowan and others,
1976). Precise identification requires a knowledge of the reflectance
spectra of the rock types, primary minerals, or alteration minerals under
investigation. The reflectance spectra of phosphate minerals were not
known to the writers when this report was being prepared, and therefore no
logical reason for the identification of phosphate-bearing beds on the sine-
stretched band-ratio false-color composite (RCCg: 6/4g-blue, 7/4g-red, and
5/6g-green) of Landsat image 1199-09311, is being offered. On this particular
band-ratio false-color composite (RCCg), a mottled pattern of black and green
to blue-green dots most closely coincides with phosphate-bearing beds of
middle Eocene age, which are delineated on the geologic map of Tunisia at the
1:500,000 scale (Castany, 1951). The areal extent of these phosphate-bearing
beds, mostly west and south of Qafsah, is outlined on figure 12. A similar
but narrower and lighter pattern of black and green dots occurs on the cuestas
north and south of Chotts el Fedjadj and el Djerid. This latter pattern
does not coincide, however, with phosphate-bearing beds outlined on the
geologic map of Tunisia (Castany, 1951) or the mineral deposits map of
Tunisia (Niccolini and others, 1966), and is not shown on figure 12.

The detection and identification of phosphate rock through the unique
spectral signatures of phosphate mineral constituents in bands 4, 5, 6, and
7 of Landsat image 1199-09311, February 7, 1973 is not described here
(Grolier, Davis, and Schultejann, unpub. data).

A diffuse aureole appears as a dark to light-green subcircular patch
on the FCC and a dark green to black, densely dotted patch on the RCCg near
Djebel el Mdilla, about 19 km south-southwest of Qafsah. This aureole,
which resembles aureoles of ferric oxides described as alteration products
in a mineralized district of Nevada (Rowan and others, 1976), is interpreted
as consisting of phosphate-bearing beds because it coincides with exposures
of Eocene rocks shown on the geologic map of Tunisia (Castany, 1951).

Structural trends may be more easily identified on Landsat images than
on existing geologic maps. Noteworthy in Landsat image 1199-09311 is a belt
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of layered rocks of Early Cretaceous age (Castany, 1951), which strikes east-
northeastward across a thin veneer of Quaternary colluvium north of Chott el
Fedjadj. Crosscutting relationships observed on linearly stretched and sinu-
soidally stretched FCCs are such that these Cretaceous rocks appear to be
unconformable under the Tertiary rocks exposed in the folded mountain ranges
farther north.

CONCLUSIONS AND RECOMMENDATIONS

1. The set of Landsat data products described in this report was pre-
pared in October 1977 at the USGS Computer Facility in Flagstaff, Arizona,
using a computer—-compatible tape of image 1199-09311, acquired on February 7,
1973. The original purpose was to utilize the products in a demonstration
of the computerized-image-processing technique, in preference to automated
image classification schemes by other image-processing laboratories.

2. The main advantages of these products are: 1) the burden of analysis
is on the analyst, not the computer; 2) the products derived from this tech-
nique are approximately 40 times cheaper than similar products generated by
automated classification schenes.

3. The set of Landsat data products used in this analysis represents
a practical financial compromise between products of basic research and mass
production. 1Image interpretation in this project depends upon intensity of
contrast stretching, selection of band ratios, and photographic reproduction
and enlargement over which the analyst has no control.

4, Landsat image 1199-09311 used in this project was selected for
spatial analysis of Landsat scene 206/036, because of immediate availability
of a computer—compatible tape from the EROS Center during the summer of 1977.
This tape was available then only because it had been requested and purchased
a few years earlier by the ARZOTU Project, UNESCO. The resulting redundancy
of effort in image analysis could not be anticipated at the start of this
project.

5. The scope of the ARZOTU project was broad enough to warrant an effort
involving many Tunisian and French agencies, a large staff of specialists,
time-sequential analysis of the scene, and collection of basic ground-truth
data in the Zugrata test zone (fig. 7). Sequential as well as spatial anal-
ysis of Landsat scene 206/036, and collection of ground-truth data in the
Zugrata test zone were performed previously by investigators of Project
ARZOTU. The current USAID/USGS remote sensing program in Tunisia may benefit
from consultations with specialists familiar with south-central Tunisia. The
latter might help determine the kinds of ground truth required, and give
access to ground truth previously collected.

6. The physical and human environments of Tunisia, unlike those of many
other developing countries, are well known. Specifically, large-scale soil
and geologic maps, which were not available for the preparation of this
report, cover most of the scene under investigation. Scale of the Landsat
data products prepared by the U.S. Geological Survey and made available
to the Soils Division, Tunisian Republic Ministry of Agriculture in November
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1977 and 1978, is, however, too small for systematic and detailed regional
analysis, Some of the problems in soil and geologic analysis discussed in
this report are better solved at larger mapping scales.

7. Objectives of the USAID/USGS remote sensing project in Tunisia
are to provide instrumentation for photographic reproduction and visual
interpretation of remote sensing imagery and to provide multidisciplinary
training in the art and science of image interpretation, field verification
of results, and presentation of findings. Computer—-processed Landsat data
products such as those described in this report constitute the primary
input to the Tunisian photographic reproduction and interpretation lab-
oratories,

8. 1In order that this spatial analysis of image 1199-09311 does not
remain an academic exercise, it is recommended that the major findings con-
tained in this report be discussed with Tunisian specialists, and checked
against large-scale maps and in the field. Some of these findings are:

a) Some mappable soil units, particularly gypsiferous and saline
soils, are differentiated in great detail on sine-stretched FCCs. These
units correlate well with broader soil units shown on the existing soil
maps of Tunisia at the 1:500,000 scale (Division des Sols, 1973). They
correspond to some gypsum units that formed on piedmont slopes at different
times in the late Quaternary period (Coque, 1962), and to zoned saline soils
around sebkhas. The same comments probably extend to the caliche-encrusted
soils, which occur from the latitude of Gafsa to the northern border of the
scene.

b) Objectives for future work might include the preparation, possibly
with the aid of automated classification schemes, of large-scale thematic
maps of gypcrete-calcrete soils. On these maps, soil units could be dif-
ferentiated not only on the basis of parent material and degree of slope,
but also on the basis of friability, thickness of encrusting material, and
geomorphologic position (piedmont slopes of different ages) rather than
topographic location. The practical applications of such a program would
be to establish relationships between soil age and friability on one hand,
and susceptibility to erosion and suitability for agricultural land use on
the other. The scientific payoff would derive from a refinement of Quaternary
rock stratigraphic units in Tunisia, and bracketing them within the time-
stratigraphic scale. As previously shown by Coque (1962), many of the
rock units capped by gypsum soils accumulated under climatic conditions
alternating from moist to dry. The different sets of human artifacts
occurring as fossils in these rock units (Coque, 1962; Ferring, 1976)
suggest that critical steps in human evolution are associated with major
climatic changes.

c) Phosphate-bearing beds in the Gafsa region are easily and immedi-
ately delineated on a sine-stretched band-ratio false-color composite (RCCg)
(6/4g-blue, 7/bg-red and 5/6g-green) of Landsat image 1199-09311. An
aureole of alteration minerals (possibly including ferric-oxide minerals)
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was observed near Djebel el Mdilla, 19 km south of Qafsah, on both FCC
and RCCy of the same image.

A thematic map of most phosphate-bearing beds in the Qafsah region
(fig. 12) shows that sine-stretched band-ratio false-color composite (RCCg)
of a Landsat image can be a powerful tool in mineral exploration of potential
phosphate ore deposits. Tunisia is a major phosphate producer and exporter
in the Mediterranean world. Therefore, because this use of the sine-
st retched RCCq has successfully been used to detect and identify known
phosphate-bearing beds, it could be extended on an experimental basis to
other phosphate-producing count ries in the semi-arid environment, such as
Morocco and Jorlan, and then applied to countries having suspected phosphate-—
producing potential, such as Oman.

d) Monitoring areas susceptible to erosion and desertification in
Tunisia with the aid of Landsat images is feasible., The preliminary
spatial analysis of image 1199-09311 shows, however, that vegetation
classification in Tunisia, as in other parts of the world, might be
more effectively accomplished through one of the existing automated
schemes, and that sequential analysis is also required.
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APPENDIX I
Glossary
(After Condit and Chavez, Jr., 1979)

albedo (Janza, 1975): The ratio of total radiant energy returned by a
body to the total solar radiant energy incident on a body.

aspect ratio distortion: A difference in spatial scale that exists with-
in an image (geometric distortion) such that within an uncorrected
Landsat 1 image, features are longer (because they are imaged at a
higher resolution) in the horizontal direction that they are in the
vertical direction.

atmospheric scattering (Lapedes, 1974): A change in the direction of

propagation, frequency, or polarization of electromagnetic radiation
caused by interaction with atoms of the atmosphere.

color composite: Technique in which two or more black and white images, with
reflectance values expressed in gray tones, are each assigned a

color (blue, green, or red), and combined or composited into a single
polychrome image.

colorimetric variations: Changes in both the intensity and wavelength
of light.

computerized automated interpretation: Various methods used by a computer
to recognize a specific spectral signature of a pixel and to place
it into one of several selected classes.

digital image: A two-dimensional array of positive integers that correspond
to discrete spectral reflectivity values arranged in a checkerboard
pattern over a target area.

digital imaging system: A combination of instruments that measure radia-
tion reflected from a target and translate its intensity into an
electronic signal which is recorded as a digital value on a pre-
selected scale.

digital number: An integer value related to the brightness (or intensity
of radiation) for an area within an image. The value falls within a
preselected range; for example, Landsat data are manipulated in eight-
bit format, with values from O to 255 possible. Shortened to DN,

dropped lines: A line or horizontal row of picture elements that is missing
from an image.
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filtering: A technique that allows the user to enhance either large
patterns (low-pass filtering) or detail ¢high-pass filtering) within
an image. A low-pass filter is the neighborhcod average (defined by
user as n X m pixels) of DN values around a particular pixel; a high-
pass filter is the original DN value of the pixel minus the low-pass
filter or neighborhood average DN value around the pixel.

noise: Patterns that are not received from the target but rather intro-
duced by the camera, digital recording, data transmission, and recep-
tion and data reduction. Can be divided into two types: coherent

noise, which has a systematic pattern, and random noise, which has no
pattern.

pixel: Contraction of "picture element.” A digital image is divided into
a checkerboard pattern of gray shaded squares, each referred to as a
pixel.

ratioing: The process of dividing each picture element jigital number in
one image (or band) by the corresponding picture element digital number
of another band.

saturation: The condition in which a further increase in radiation
produces no further increase in recorded radiationm.

solar illumination angle: The altitude of the sun, measured in degrees
of angular distance from the horizon as seen from the target (0° =
horizon, 90° = solar zenith). Also referred to as sun elevation, sun
angle, illumination angle.

spectral bands: Preselected parts of the electromagnetic spectrum.
Usually selected by eliminating all other parts of the spectrum by
filtering or allowing only a given frequency or range of wavelengths
to reach a scanner or detector element.

spectral reflectance: (Janza, 1975): Ratio of reflected power to the
total power incident or incoming to the surface at a specific
wavelength,

stretch: A technique which allows the user to change the contrast by
either increasing or decreasing range of am image. Also referred to
as contrast stretching.
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